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(54) CONTACT DETECTION DEVICE

(57) A contact detection device (10) comprises a
capacitive sensor (7), and a determination processor
(30) that detects whether a conductive body has come
into contact with a plurality of detection regions (LF, RF,
LB, RB). The determination processor (30) comprises a
storage unit (31), a determination reference value setting
unit (32), and a determination processing unit (33). The
determination reference value setting unit (32) deter-
mines that a detection region in which the difference
between a capacitance-corresponding value and a set-
ting reference value (41) surpasses a threshold value
(43) is a contact region with which the conductive body is
in contact, determines that a detection region in which the
difference between the capacitance-corresponding va-
lue and the setting reference value (41) is less than or
equal to the threshold value (43) is a non-contact region
with which the conductive body is not in contact, and upon
determining that there is a contact region and determin-
ing that there is a non-contact region, sets the setting
reference value (41) corresponding to the non-contact
region as a contact region determination reference value
(42) for the contact region.
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Description

Technical Field

[0001] The present invention relates to a contact detection apparatus.

Related Art

[0002] Conventionally, an information input device using a grip sensor that detects contact with a human body by a
change in capacitance has been proposed in, for example, Patent Document 1.
[0003] In this Patent Document 1, an information input interface to which the information from a driver is input is disposed
on the curved surface of the grip of the steering wheel, on both the left and right sides as viewed from the driver. The
information input interface is composed of, for example, an electrode group in an exclusive region and an electrode group
in an input region. These electrode groups are disposed to be insulated from each other. When the driver’s hand touches
any of the electrode groups, these electrode groups can respectively measure the amount of change in capacitance
independently. With this information input device, it is possible to detect the contact of the driver’s hand based on the
amount of change in the measured capacitance.

Citation List

Patent Document

[0004] [Patent Document 1] Japanese Patent No. 4676408

SUMMARY OF INVENTION

Technical Problem

[0005] For the conventional information input device described above, in order to measure the amount of change in
capacitance caused by the human body contacting the grip, the value measured in a state where no hand touches the grip
is stored as a reference value, and the reference value is subtracted from the measured value. However, for example, if the
information input device is started with a hand touching the information input interface on the left side, the value measured
in the state where the hand is touching the grip is determined as the initial reference value. If the initial reference value is the
value measured in a state where a human hand is touching the grip, there is a problem that the human contact cannot be
detected accurately.
[0006] The disclosure has been made in view of the above background, and provides a contact detection apparatus that
is capable of accurately detecting contact of a conductor even in a state where the conductor is in contact at the time of
startup.

Solution to Problem

[0007] One aspect of the disclosure provides a contact detection apparatus, including:

an electrostatic sensor having a plurality of detection regions with which a conductor comes into contact; and
a determination processor detecting whether the conductor is in contact with the plurality of detection regions based
on a capacitance equivalent value of each of the plurality of detection regions detected by the electrostatic sensor, in
which
the determination processor includes:

a storage unit storing a setting reference value which is a capacitance equivalent value corresponding to a state
where the conductor is not in contact with each of the plurality of detection regions, a determination reference
value of each of the plurality of detection regions, and a threshold value commonly or individually associated with
each of the plurality of detection regions;
a determination reference value setting unit setting the determination reference value of each of the plurality of
detection regions by an initial process that is performed after the contact detection apparatus is started; and
a determination processing unit detecting whether the conductor is in contact by comparing the capacitance
equivalent value with the determination reference value in each of the plurality of detection regions after the initial
process, in which
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the determination reference value setting unit

determines a detection region in which a difference between the capacitance equivalent value and the setting
reference value exceeds the threshold value among the plurality of detection regions as a contact region with
which the conductor is in contact,
determines a detection region in which the difference between the capacitance equivalent value and the setting
reference value is equal to or less than the threshold value among the plurality of detection regions as a non-
contact region with which the conductor is not in contact, and
sets the setting reference value corresponding to the non-contact region as the determination reference value of
the contact region for the contact region in response to determining that the contact region exists and determining
that the non-contact region exists.

Effects of Invention

[0008] According to one aspect of the disclosure, during the initial process, the setting reference value corresponding to
the non-contact region is set as the determination reference value of the contact region even if a conductor is in contact with
the detection region. Thus, even if a conductor is in contact with the detection region, the contact of the conductor can be
accurately detected.
[0009] It should be noted that the reference numerals in parentheses in the claims indicate the corresponding
relationship with the specific means described in the following embodiments, and are not intended to limit the technical
scope of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1 is a front view showing the steering wheel of the first embodiment.
FIG. 2 is a cross-sectional view taken along the line II-II of FIG. 1.
FIG. 3 is a partially cutaway perspective view showing the electrostatic sensor of the first embodiment.
FIG. 4 is a view showing a state where the skin material is removed from the steering wheel of the first embodiment,
wherein (a) is a plan view, (b) is a front view, and (c) is a right side view.
FIG. 5 is a block diagram showing the configuration of the contact detection apparatus of the first embodiment.
FIG. 6 is a plan view showing the setting source priority order when the left front detection region is set as the target
detection region in the electrostatic sensor of the first embodiment.
FIG. 7 is a plan view showing the setting source priority order when the left back detection region is set as the target
detection region in the electrostatic sensor of the first embodiment.
FIG. 8 is a plan view showing the setting source priority order when the right front detection region is set as the target
detection region in the electrostatic sensor of the first embodiment.
FIG. 9 is a plan view showing the setting source priority order when the right back detection region is set as the target
detection region in the electrostatic sensor of the first embodiment.
FIG. 10 is a flowchart showing the main flow of the contact detection apparatus of the first embodiment.
FIG. 11 is a flowchart showing the initial process of the contact detection apparatus of the first embodiment.
FIG. 12 is a flowchart showing the determination reference value setting process for the left front detection region of
the contact detection apparatus of the first embodiment.
FIG. 13 is a flowchart showing the determination reference value setting process for the left back detection region of
the contact detection apparatus of the first embodiment.
FIG. 14 is a flowchart showing the determination reference value setting process for the right front detection region of
the contact detection apparatus of the first embodiment.
FIG. 15 is a flowchart showing the determination reference value setting process for the right back detection region of
the contact detection apparatus of the first embodiment.
FIG. 16 is a flowchart showing the determination process of the contact detection apparatus of the first embodiment.
FIG. 17 is a flowchart showing the update process of the contact detection apparatus of the first embodiment.
FIG. 18 is a flowchart of the setting reference value update process for the left front detection region of the contact
detection apparatus of the first embodiment.
FIG. 19 is a flowchart of the setting reference value update process for the left back detection region of the contact
detection apparatus of the first embodiment.
FIG. 20 is a flowchart of the setting reference value update process for the right front detection region of the contact
detection apparatus of the first embodiment.
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FIG. 21 is a flowchart of the setting reference value update process for the right back detection region of the contact
detection apparatus of the first embodiment.
FIG. 22 is a plan view showing the setting source priority order when the left front detection region is set as the target
detection region in the electrostatic sensor of the second embodiment.
FIG. 23 is a plan view showing the first in the setting source priority order when the left front detection region is set as
the target detection region in the electrostatic sensor of the third embodiment.

DESCRIPTION OF EMBODIMENTS

(First embodiment)

1. Configuration of the steering wheel 1

[0011] The first embodiment in which a contact detection apparatus 10 according to the disclosure is applied to a
steering wheel 1 of a vehicle (not shown) will be described. First, the structure of the steering wheel 1 will be described with
reference to FIG. 1 to FIG. 2. As shown in FIG. 1, the steering wheel 1 includes a ring portion 2 formed in a circular ring
shape, a core portion 3 formed smaller than the ring portion 2 and disposed radially inside the ring portion 2, and a plurality
of connection portions 4 (three in this embodiment) connecting the core portion 3 and the ring portion 2. However, the
number of connection portions 4 is not particularly limited, and may be one or two, or four or more.
[0012] In the following description, the direction to the right as viewed from a driver (not shown) in the vehicle (not shown)
is the direction indicated by arrow X, the direction upward as viewed from the driver is the direction indicated by arrow Z,
and the direction approaching the front of the driver is the direction indicated by arrow Y.
[0013] As shown in FIG. 2, the ring portion 2 includes a core body 5, a resin inner layer material 6, an electrostatic sensor
7, and a skin material 8. The core body 5 constitutes the central portion of the ring portion 2 and is formed in a shape
corresponding to the shape of the ring portion 2. That is, the core body 5 is formed in a circular ring shape and has a circular
cross section perpendicular to the axis. Here, the cross-sectional shape of the core body 5 perpendicular to the axis is not
limited to a circular shape, but may be any shape such as an elliptical shape, an egg shape, a U-shape, a C-shape, or a
polygonal shape. The core body 5 in this embodiment is made of metal such as aluminum or magnesium, and has electrical
conductivity. The material of the core body 5 can be a material other than metal.
[0014] The resin inner layer material 6 covers the outer surface of the core body 5 over the entire circumference of the
ring shape of the core body 5 and over the entire circumference of the circular cross-sectional shape of the core body 5. In
this embodiment, the cross section of the resin inner layer material 6 perpendicular to the axis is formed in a circular shape.
If the core body 5 has a U-shaped cross section perpendicular to the axis, the resin inner layer material 6 is filled not only on
the radial outside of the cross section of the core body 5 perpendicular to the axis, but also in the U-shaped recess of the
core body 5. The resin inner layer material 6 is molded on the outer surface side of the core body 5 by injection molding, and
is directly bonded to the outer surface of the core body 5. The cross-sectional shape of the resin inner layer material 6
perpendicular to the axis is not limited to a circular shape, but may be any shape such as an egg shape, an elliptical shape,
or a polygonal shape. Foamed urethane resin, for example, is used as the resin inner layer material 6. However, it is also
possible to use non-foamed resin as the resin inner layer material 6.
[0015] The electrostatic sensor 7 is disposed on the outer surface of the resin inner layer material 6. The electrostatic
sensor 7 is configured so that when a conductor (not shown) such as a finger or a hand comes into contact with or
approaches the electrostatic sensor 7, a capacitance equivalent value of the electrostatic sensor 7 changes. The
electrostatic sensor 7 according to this embodiment is a steering wheel sensor that is applied to the steering wheel 1
of the vehicle. The electrostatic sensor 7 will be described in detail later.
[0016] The skin material 8 covers the outer surface of the electrostatic sensor 7 (the surface of the electrostatic sensor 7
on the side opposite to the resin inner layer material 6) over the entire circumference of the electrostatic sensor 7. In other
words, as described below, in the case where a first electrode layer 22 is exposed on the first surface 24 side of an
insulating sheet 21, the skin material 8 also functions as a covering material of the first electrode layer 22. The skin material
8 is molded by injection molding, and is wrapped on the outer surface side of the electrostatic sensor 7 and bonded to the
outer surface of the electrostatic sensor 7. The skin material 8 is made of, for example, urethane resin. The outer surface of
the skin material 8 constitutes a design surface. Thus, it is preferable to use non-foamed urethane resin or slightly foamed
urethane resin as the skin material 8.

2. Overall configuration of the electrostatic sensor 7

[0017] The overall configuration of the electrostatic sensor 7 of the first embodiment will be described with reference to
FIG. 3 and FIG. 4. FIG. 3 shows the electrostatic sensor 7 in a state before the electrostatic sensor 7 is wrapped around the
steering wheel 1. As shown in FIG. 3, the electrostatic sensor 7 includes the insulating sheet 21, a left front detection region
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LF, a left back detection region LB, a right front detection region RF, and a right back detection region RB. The insulating
sheet 21 is formed in a strip shape extending long and thin in the long side direction, and is formed to be short in the short
side direction.
[0018] The left front detection region LF, the left back detection region LB, the right front detection region RF, and the right
back detection region RB are arranged on a first surface 24 and a second surface 25 of the insulating sheet 21. The left front
detection region LF, the left back detection region LB, the right front detection region RF, and the right back detection region
RB are formed in a strip shape extending long and thin in the long side direction of the insulating sheet 21, and are formed to
be short in the short side direction. The long side direction of the insulating sheet 21 is an example of the first direction, and
the short side direction of the insulating sheet 21 is an example of the second direction.
[0019] As shown in FIG. 3, the left front detection region LF and the right front detection region RF are arranged to be
spaced apart in the long side direction. Further, the left back detection region LB and the right back detection region RB are
arranged to be spaced apart in the long side direction.
[0020] The left front detection region LF and the left back detection region LB are arranged to be spaced apart in the short
side direction. Further, the right front detection region RF and the right back detection region RB are arranged to be spaced
apart in the short side direction.
[0021] (a) to (c) of FIG. 4 show the steering wheel 1 with the skin material 8 removed. In (a) to (c) of FIG. 4, the
electrostatic sensor 7 is wrapped around the surface of the resin inner layer material 6 of the steering wheel 1 (see FIG. 2).
As shown in (a) to (c) of FIG. 4, the electrostatic sensor 7 includes a plurality of (four in this embodiment) detection regions
LF,RF, LB,and RB. However, the number of detection regions LF, RF,LB, and RB may be one to three, or five ormore. Each
of the detection regions LF, RF, LB, and RB is formed in a long sheet shape. The electrostatic sensor 7 includes the left front
detection region LF disposed on the left front surface side of the resin inner layer material 6, the right front detection region
RF disposed on the right front surface side, the left back detection region LB disposed on the left back surface side, and the
right back detection region RB disposed on the right back surface side, as viewed from the driver. Each of the detection
regions LF, RF, LB, and RB is fixed to the surface of the resin inner layer material 6 of the steering wheel 1 by a known
method such as adhesion or thermal fusion.
[0022] In a state where the electrostatic sensor 7 is wrapped around the steering wheel 1, the long side direction (first
direction) of each of the detection regions LF, RF, LB, and RB is a direction along the central axis of the ring portion 2 of the
steering wheel 1, and the short side direction (second direction) of each of the detection regions LF, RF, LB, and RB is a
circumferential direction with respect to the axially perpendicular direction of the ring portion 2.
[0023] As shown in (a) and (b) of FIG. 4, the left front detection region LF is disposed so as to cover approximately the left
half of the front surface side of the resin inner layer material 6 of the steering wheel 1.
[0024] As shown in (a) to (c) of FIG. 4, the right front detection region RF is disposed so as to cover approximately the
right half of the front surface side of the resin inner layer material 6 of the steering wheel 1.
[0025] As shown in (a) and (b) of FIG. 4, the left back detection region LB is disposed so as to cover approximately the left
half of the back surface side of the resin inner layer material 6 of the steering wheel 1.
[0026] As shown in (a) to (c) of FIG. 4, the right back detection region RB is disposed so as to cover approximately the
right half of the back surface side of the resin inner layer material 6 of the steering wheel 1.
[0027] In this embodiment, the interval between the left front detection region LF and the right front detection region RF
and the interval between the left back detection region LB and the right back detection region RB, which are adjacent in the
left-right direction, are larger than the interval between the left front detection region LF and the left back detection region
LB and the interval between the right front detection region RF and the right back detection region RB, which are adjacent in
the front-back direction.
[0028] Returning to FIG. 3, the configuration of each of the detection regions LF, RF, LB, and RB will be described. Each
of the detection regions LF, RF, LB, and RB includes a first electrode layer 22 and a second electrode layer 23. The first
electrode layer 22 and the second electrode layer 23 have electrical conductivity and formed in a layered shape.
[0029] The first electrode layer 22 is laminated on the first surface 24 of the insulating sheet 21. The first electrode layer
22 is formed slightly smaller than the insulating sheet 21 and has a similar shape. Thereby, the edge portion of the first
surface 24 of the insulating sheet 21 is exposed from the edge portion of the first electrode layer 22.
[0030] The second electrode layer 23 is laminated on the second surface 25 of the insulating sheet 21. The second
electrode layer 23 is formed slightly smaller than the insulating sheet 21 and has a similar shape. Thereby, the edge portion
of the second surface 25 of the insulating sheet 21 is exposed from the edge portion of the second electrode layer 23.
[0031] The first electrode layer 22 and the second electrode layer 23 may be formed in the same shape and size, or may
be formed in similar shapes with one being slightly larger than the other.
[0032] The insulating sheet 21 is formed to contain, for example, an elastomer as a main component. Therefore, the
insulating sheet 21 is flexible. In other words, the insulating sheet 21 has flexibility and is configured to be extensible in the
planar direction. The insulating sheet 21 is formed to contain, for example, a thermoplastic material, particularly a
thermoplastic elastomer, as a main component. The insulating sheet 21 may be made of a thermoplastic elastomer itself,
or may be made mainly of an elastomer that is crosslinked by heating a thermoplastic elastomer as a material.
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[0033] Further, the insulating sheet 21 may contain rubber, resin, or other materials other than a thermoplastic
elastomer. For example, in the case where the insulating sheet 21 contains rubber such as ethylene-propylene rubber
(EPM, EPDM), the flexibility of the insulating sheet 21 is improved. From the viewpoint of improving the flexibility of the
insulating sheet 21, the insulating sheet 21 may contain a flexibility-imparting component such as a plasticizer.
Furthermore, the insulating sheet 21 may be made mainly of a reactive curing elastomer or a thermosetting elastomer.
[0034] Furthermore, the insulating sheet 21 is preferably a material with good thermal conductivity. Therefore, the
insulating sheet 21 may use a thermoplastic elastomer having high thermal conductivity, or may contain a filler that can
increase thermal conductivity.
[0035] A plurality of first electrode layers 22 are arranged in the planar direction of the insulating sheet 21 on the first
surface 24 side of the insulating sheet 21, and the second electrode layers 23 are arranged in the planar direction of the
insulating sheet 21 on the second surface 25 side of the insulating sheet 21. The first electrode layer 22 and the second
electrode layer 23 have electrical conductivity. Furthermore, the first electrode layer 22 and the second electrode layer 23
are flexible. In other words, the first electrode layer 22 and the second electrode layer 23 have flexibility and are configured
to be extensible in the planar direction.
[0036] The first electrode layer 22 and the second electrode layer 23 may be made of an electrically conductive
elastomer. In the case where the first electrode layer 22 and the second electrode layer 23 are made of an electrically
conductive elastomer, the first electrode layer 22 and the second electrode layer 23 are formed by using an elastomer as a
base material and by containing an electrically conductive filler. The elastomer that is the base material of the first electrode
layer 22 and the second electrode layer 23 may have the same main component as the insulating sheet 21, or may use a
different material. The first electrode layer 22 and the second electrode layer 23 are bonded to the insulating sheet 21 by
fusion (thermal fusion) with each other.
[0037] The first electrode layer 22 and the second electrode layer 23 may be made of an electrically conductive cloth.
The electrically conductive cloth is a woven or nonwoven fabric made of electrically conductive fibers. Here, the electrically
conductive fibers are formed by coating the surface of flexible fibers with an electrically conductive material. The
electrically conductive fibers are formed, for example, by plating the surface of resin fibers such as polyethylene with
copper or nickel. In this case, the first electrode layer 22 and the second electrode layer 23 are bonded to the insulating
sheet 21 by fusion (thermal fusion) of the insulating sheet 21 itself.
[0038] The first electrode layer 22 and the second electrode layer 23 may be made of a metal foil. The metal foil may be
any conductive metal material such as a copper foil or an aluminum foil. Furthermore, the first electrode layer 22 and the
second electrode layer 23 are bonded to a sensor sheet by fusion (thermal fusion) of the insulating sheet 21 itself, in the
same manner as in the case of an electrically conductive cloth.

3. Overall configuration of the contact detection apparatus 10

[0039] As shown in FIG. 5, the contact detection apparatus 10 includes the electrostatic sensor 7 and a determination
processor 30. The determination processor 30 includes a storage unit 31, a determination reference value setting unit 32, a
determination processing unit 33, and an update unit 34.
[0040] The storage unit 31 stores a setting reference value 41 which is the capacitance equivalent value corresponding
to a state where no conductor is in contact with each of the detection regions LF, RF, LB, and RB, a determination reference
value 42 for each of the detection regions LF, RF, LB, and RB, and a threshold value 43 associated with each of the
detection regions LF, RF, LB, and RB. The threshold value 43 may be commonly associated with each of the detection
regions LF, RF, LB, and RB, or may be individually associated with each of the detection regions LF, RF, LB, and RB.
[0041] The storage unit 31 further stores a setting source priority order 44. The setting target for the determination
reference value 42 among the detection regions LF, RF, LB, and RB is set as a target detection region 51, and a detection
region different from the target detection region 51 among the detection regions LF, RF, LB, and RB is set as a setting
source detection region 52 which is the setting source for the determination reference value 42. The setting source priority
order 44 is defined as the priority order of the setting source detection region 52. That is, in the case where a plurality of
setting source detection regions 52 exist, the setting source priority order 44 is the order as to which of the plurality of setting
source detection regions 52 is set as the source for setting the determination reference value 42 of the target detection
region 51. Table 1 shows the setting source priority order 44 corresponding to each of the detection regions LF, RF, LB, and
RB. In thisembodiment, the setting source priorityorder 44 is set to adifferent order foreach of the detection regions LF,RF,
LB, and RB.

[Table 1]

[0042]
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(Table 1)

1 2 3 4

Target detection region LF LB RF RB

Setting source
priority order

1 RF RB LF LB

2 RB RF LB LF

3 LB LF RB RF

4 Setting reference
value

Setting reference
value

Setting reference
value

Setting reference
value

[0043] As shown in the first column of Table 1 and FIG. 6, when the left front detection region LF is set as the target
detection region 51, the left back detection region LB, the right front detection region RF, and the right back detection region
RB are set as the setting source detection regions 52. In this embodiment, the setting source priority order 44 is set so that
the right front detection region RF is the first, the right back detection region RB is the second, and the left back detection
region LB is the third. The lowest (fourth in this embodiment) in the setting source priority order 44 is set as the setting
reference value 41 corresponding to the left front detection region LF. In this embodiment, the right front detection region
RF, which is located on the same side as the left front detection region LF, which is the target detection region 51, in the
front-back direction but on the opposite side in the left-right direction, is set as the first priority in the setting source priority
order 44. In addition, the right back detection region RB, which is located on the opposite side to the left front detection
region LF, which is the target detection region 51, in the left-right direction and the front-back direction, is set as the second
priority in the setting source priority order 44.
[0044] As shown in the second column of Table 1 and FIG. 7, when the left back detection region LB is set as the target
detection region 51, the right back detection region RB, the right front detection region RF, and the right front detection
region RF are set as the setting source detection regions 52. In this embodiment, the setting source priority order 44 is set
so that the right back detection region RB is the first, the right front detection region RF is the second, and the left front
detection region LF is the third. The lowest (fourth in this embodiment) in the setting source priority order 44 is set as the
setting reference value 41 corresponding to the left back detection region LB. In this embodiment, the right back detection
region RB, which is located on the same side as the left back detection region LB, which is the target detection region 51, in
the front-back direction but on the opposite side in the left-right direction, is set as the first priority in the setting source
priority order 44. In addition, the right front detection region RF, which is located on the opposite side to the left back
detection region LB, which is the target detection region 51, in the left-right direction and the front-back direction, is set as
the second priority in the setting source priority order 44.
[0045] As shown in the third column of Table 1 and FIG. 8, when the right front detection region RF is set as the target
detection region 51, the left front detection region LF, the left back detection region LB, and the right back detection region
RB are set as the setting source detection regions 52. In this embodiment, the setting source priority order 44 is set so that
the left front detection region LF is the first, the left back detection region LB is the second, and the right back detection
region RB is the third. The lowest (fourth in this embodiment) in the setting source priority order 44 is set as the setting
reference value 41 corresponding to the right front detection region RF. In this embodiment, the left front detection region
LF, which is located on the same side as the right front detection region RF, which is the target detection region 51, in the
front-back direction but on the opposite side in the left-right direction, is set as the first priority in the setting source priority
order 44. In addition, the left back detection region LB, which is located on the opposite side to the right front detection
region RF, which is the target detection region 51, in the left-right direction and the front-back direction, is set as the second
priority in the setting source priority order 44.
[0046] As shown in the fourth column of Table 1 and FIG. 9, when the right back detection region RB is set as the target
detection region 51, the left back detection region LB, the left front detection region LF, and the right front detection region
RF are set as the setting source detection regions 52. In this embodiment, the setting source priority order 44 is set so that
the left back detection region LB is the first, the left front detection region LF is the second, and the right back detection
region RB is the third. The lowest (fourth in this embodiment) in the setting source priority order 44 is set as the setting
reference value 41 corresponding to the right back detection region RB. In this embodiment, the left back detection region
LB, which is located on the same side as the right back detection region RB, which is the target detection region 51, in the
front-back direction but on the opposite side in the left-right direction, is set as the first priority in the setting source priority
order 44. In addition, the left front detection region LF, which is located on the opposite side to the right back detection
region RB, which is the target detection region 51, in the left-right direction and the front-back direction, is set as the second
priority in the setting source priority order 44.
[0047] However, as the setting reference value 41, an individual value may be set for each of the detection regions LF,
RF, LB, and RB, or a common value may be set for all of the detection regions LF, RF, LB, and RB.
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[0048] Returning to FIG. 5, the determination reference value setting unit 32 is configured to set the determination
reference value 42 for each of the detection regions LF, RF, LB, and RB by an initial process performed after the contact
detection apparatus 10 is started.
[0049] The determination processing unit 33 is configured to detect whether a conductor is in contact with the detection
regions LF, RF, LB, and RB by comparing the capacitance equivalent value with the determination reference value 42 in
each of the detection regions LF, RF, LB, and RB after the initial process is performed. However, the contact of a conductor
with the detection regions LF, RF, LB, and RB includes not only a case where the conductor is in contact with the detection
regions LF, RF, LB, and RB directly, but also a case where the conductor is in contact with the detection regions LF, RF, LB,
and RB indirectly via the skin material 8.
[0050] The updateunit 34 updates the setting reference value41 to the capacitanceequivalent value ora value basedon
the capacitance equivalent value when determining a non-contact region where no conductor is in contact with the
detection regions LF, RF, LB, and RB by comparing the capacitance equivalent value with the setting reference value 41 in
each of the detection regions LF, RF, LB, and RB.

4. Operation of the contact detection apparatus 10

[0051]

(1) Next, the operation of the contact detection apparatus 10 will be described. FIG. 10 shows a flowchart according to
the main routine of the operation of the contact detection apparatus 10.

[0052] As shown in FIG. 10, when the contact detection apparatus 10 is started, the initial process is performed (S1).
Next, a determination process is performed (S2). Next, whether to perform an update process is determined (S3). Whether
to perform the update process may be determined based on, for example, whether a predetermined time has elapsed
since the contact detection apparatus 10 is started. When determining that the update process is to be performed (S3: Y),
the update process is performed (S4).
[0053] When the update process is performed, whether to end the operation of the contact detection apparatus 10 is
determined (S5). Also, whether to end the operation of the contact detection apparatus 10 is determined (S5) when
determining that the update process is not to be performed (S3: N). When determining that the operation of the contact
detection apparatus 10 is not to be ended (S5: N), the flow returns to S2, and the operations of S2 to S4 are repeated until
determining that the operation of the contact detection apparatus 10 is to be ended. When determining that the operation of
the contact detection apparatus 10 is to be ended (S5: Y), the operation of the contact detection apparatus 10 is ended.

(2) Initial process

[0054] Next, the initial process will be described with reference to FIG. 11. FIG. 11 shows a flowchart of the initial process.
When the initial process is performed (S1), the determination reference value setting unit 32 acquires the setting reference
value 41, the threshold value 43, and the setting source priority order 44 corresponding to each of the detection regions LF,
RF, LB, and RB from the storage unit 31 (S10). Next, the determination reference value setting unit 32 acquires the
capacitance equivalent values of the left front detection region LF, the left back detection region LB, the right front detection
region RF, and the right back detection region RB (S20).
[0055] Next, the determination reference value setting unit 32 performs a determination reference value setting process
for the left front detection region LF (S30). Thereby, the determination reference value setting unit 32 sets the
determination reference value 42 for the left front detection region LF, and stores the set determination reference value
42 for the left front detection region LF in the storage unit 31.
[0056] Next, the determination reference value setting unit 32 performs the determination reference value setting
process for the left back detection region LB (S40). Thereby, the determination reference value setting unit 32 sets the
determination reference value 42 for the left back detection region LB, and stores the set determination reference value 42
for the left back detection region LB in the storage unit 31.
[0057] Next, the determination reference value setting unit 32 performs the determination reference value setting
process for the right front detection region RF (S50). Thereby, the determination reference value setting unit 32 sets the
determination reference value 42 for the right front detection region RF, and stores the set determination reference value
42 for the right front detection region RF in the storage unit 31.
[0058] Next, the determination reference value setting unit 32 performs the determination reference value setting
process for the right back detection region RB (S60). Thereby, the determination reference value setting unit 32 sets the
determination reference value 42 for the right back detection region RB, and stores the set determination reference value
42 for the right back detection region RB in the storage unit 31.
[0059] Thereby, the initial process is completed. However, there is no particular limitation on the order in which the initial
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process is performed on the detection regions LF, RF, LB, and RB, and the initial process may be performed in any order.

(A) Determination reference value setting process for the left front detection region LF

[0060] Next, FIG. 12 shows a flowchart of the determination reference value setting process for the left front detection
region LF. When the determination reference value setting process for the left front detection region LF is performed (S30),
the determination reference value setting unit 32 sets the left front detection region LF as the target detection region 51,
and sets the left back detection region LB, the right front detection region RF, and the right back detection region RB as the
setting source detection regions 52.
[0061] The determination reference value setting unit 32 determines whether the left front detection region LF, which is
the target detection region 51, is a non-contact region (S31). The determination reference value setting unit 32 calculates
the difference between the capacitance equivalent value of the left front detection region LF and the setting reference value
41 corresponding to the left front detection region LF. When this difference is equal to or less than the threshold value 43
corresponding to the left front detection region LF, the determination reference value setting unit 32 determines that the left
front detection region LF is a non-contact region where no conductor is in contact (S31: Y).
[0062] For the left front detection region LF determined to be a non-contact region, the determination reference value
setting unit 32 adopts and sets the capacitance equivalent value of the left front detection region LF as the setting reference
value 41 of the left front detection region LF. Thereby, the determination reference value setting process for the left front
detection region LF is completed. However, in the case of adopting the capacitance equivalent value as the setting
reference value 41, a value obtained by performing a predetermined process (for example, filter process) on the
capacitance equivalent value (an example of the value based on the capacitance equivalent value) may be adopted
as the setting reference value 41, instead of the capacitance equivalent value. The same applies below.
[0063] In S31, when the difference from the setting reference value 41 corresponding to the left front detection region LF
exceeds the threshold value 43 corresponding to the left front detection region LF, the determination reference value
setting unit 32 determines that the left front detection region LF is not a non-contact region (S31: N). That is, the
determination reference value setting unit 32 determines the left front detection region LF as a contact region where a
conductor is in contact.
[0064] Next, the determination reference value setting unit 32 determines whether the setting source detection region52
is a non-contact region in the order defined in the setting source priority order 44.
[0065] FIG. 6 shows the setting source priority order 44 when the left front detection region LF is set as the target
detection region 51. The setting source priority order 44 of this embodiment is set so that the position adjacent to the right of
the left front detection region LF is given the first priority. Thereby, in this embodiment, the right front detection region RF is
set as the first priority (see the first column of Table 1).
[0066] The setting source priority order 44 of this embodiment is set so that the diagonal position of the left front detection
region LF is given the second priority. Thereby, in this embodiment, the right back detection region RB is set as the second
priority (see the first column of Table 1).
[0067] In this embodiment, the left back detection region LB located on the back surface side of the left front detection
region LF is set as the third priority (see the first column of Table 1). In this embodiment, the detection source priority order is
set so that the priority lowers along the direction indicated by arrow A in FIG. 6.
[0068] Returning to FIG. 12, the determination reference value setting unit 32 determines whether the right front
detection region RF is non-contact based on the setting source priority order 44 (S33). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right front detection region RF and
the setting reference value 41 corresponding to the right front detection region RF. When this difference is equal to or less
than the threshold value 43 corresponding to the right front detection region RF, the determination reference value setting
unit 32 determines that the right front detection region RF is a non-contact region where no conductor is in contact (S33: Y).
[0069] As the determination reference value 42 of the left front detection region LF determined to be a contact region in
S31, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right front detection region RF determined to be a non-contact region in S33 as the setting reference value41 of the left front
detection region LF. Thereby, the determination reference value setting process for the left front detection region LF is
completed.
[0070] In S33, when the difference from the setting reference value 41 corresponding to the right front detection region
RF exceeds the threshold value 43 corresponding to the right front detection region RF, the determination reference value
setting unit 32 determines that the right front detection region RF is not a non-contact region (S33: N). That is, the
determination reference value setting unit 32 determines the right front detection region RF as a contact region where a
conductor is in contact.
[0071] Next, the determination reference value setting unit 32 determines whether the right back detection region RB,
which is the second in the setting source priority order 44, is a non-contact region (S35). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right back detection region RB
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and the setting reference value 41 corresponding to the right back detection region RB. When this difference is equal to or
less than the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is a non-contact region where no conductor is in contact
(S35: Y).
[0072] As the determination reference value 42 of the left front detection region LF determined to be a contact region in
S31, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right back detection region RB determined to be a non-contact region in S35 as the setting reference value 41 of the left
front detection region LF. Thereby, the determination reference value setting process for the left front detection region LF is
completed.
[0073] In S35, when the difference from the setting reference value 41 corresponding to the right back detection region
RB exceeds the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is not a non-contact region (S35: N). That is, the
determination reference value setting unit 32 determines the right back detection region RB as a contact region where a
conductor is in contact.
[0074] Next, the determination reference value setting unit 32 determines whether the left back detection region LB,
which is the third in the setting source priority order 44, is a non-contact region (S37). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the left back detection region LB and
the setting reference value 41 corresponding to the left back detection region LB. When this difference is equal to or less
than the threshold value 43 corresponding to the left back detection region LB, the determination reference value setting
unit 32 determines that the left back detection region LB is a non-contact region where no conductor is in contact (S37: Y).
[0075] As the determination reference value 42 of the left front detection region LF determined to be a contact region in
S31, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left back detection region LB determined to be a non-contact region in S37 as the setting reference value 41 of the left front
detection region LF. Thereby, the determination reference value setting process for the left front detection region LF is
completed.
[0076] In S37, when the difference from the setting reference value 41 corresponding to the left back detection region LB
exceeds the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the left back detection region LB is not a non-contact region (S37: N). That is, the
determination reference value setting unit 32 determines the left back detection region LB as a contact region where a
conductor is in contact. The determination reference value setting unit 32 determines that all of the detection regions LF,
RF, LB, and RB are contact regions.
[0077] Next, the determination reference value setting unit 32 adopts and sets the setting reference value 41
corresponding to the left front detection region LF as the determination reference value 42 of the left front detection
region LF determined to be a contact region in S31 (S39). Thereby, the determination reference value setting process for
the left front detection region LF is completed.

(B) Determination reference value setting process for LB

[0078] Next, FIG. 13 shows a flowchart of the determination reference value setting process for the left back detection
region LB. When the determination reference value setting process for the left back detection region LB is performed
(S40), the determination reference value setting unit 32 sets the left back detection region LB as the target detection region
51, and sets the right back detection region RB, the right front detection region RF, and the left back detection region LB as
the setting source detection regions 52.
[0079] The determination reference value setting unit 32 determines whether the left back detection region LB, which is
the target detection region 51, is a non-contact region (S41). The determination reference value setting unit 32 calculates
the difference between the capacitance equivalent value of the left back detection region LB and the setting reference
value 41 corresponding to the left back detection region LB. When this difference is equal to or less than the threshold value
43 corresponding to the left back detection region LB, the determination reference value setting unit 32 determines that the
left back detection region LB is a non-contact region where no conductor is in contact (S41: Y).
[0080] For the left back detection region LB determined to be a non-contact region, the determination reference value
setting unit 32 adopts and sets the capacitance equivalent value of the left back detection region LB as the setting
reference value 41 of the left back detection region LB. Thereby, the determination reference value setting process for the
left back detection region LB is completed.
[0081] In S41, when the difference from the setting reference value 41 corresponding to the left back detection region LB
exceeds the threshold value 43 corresponding to the left back detection region LB, the determination reference value
setting unit 32 determines that the left back detection region LB is not a non-contact region (S41: N). That is, the
determination reference value setting unit 32 determines the left back detection region LB as a contact region where a
conductor is in contact.
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[0082] Next, the determination reference value setting unit 32 determines whether the setting source detection region52
is a non-contact region in the order defined in the setting source priority order 44.
[0083] FIG. 7 shows the setting source priority order 44 when the left back detection region LB is set as the target
detection region 51. The setting source priority order 44 of this embodiment is set so that the position adjacent to the right of
the left back detection region LB is given the first priority. Thereby, in this embodiment, the right back detection region RB is
set as the first priority (see the second column of Table 1).
[0084] The setting source priority order 44 of this embodiment is set so that the diagonal position of the left back detection
region LB is given the second priority. Thereby, in this embodiment, the right front detection region RF is set as the second
priority (see the second column of Table 1).
[0085] In this embodiment, the left front detection region LF located on the back surface side of the left back detection
region LB is set as the third priority (see the second column of Table 1). In this embodiment, the detection source priority
order is set so that the priority lowers along the direction indicated by arrow B in FIG. 7.
[0086] Returning to FIG. 13, the determination reference value setting unit 32 determines whether the right back
detection region RB is non-contact based on the setting source priority order 44 (S43). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right back detection region RB
and the setting reference value 41 corresponding to the right back detection region RB. When this difference is equal to or
less than the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is a non-contact region where no conductor is in contact
(S43: Y).
[0087] As the determination reference value 42 of the left back detection region LB determined to be a contact region in
S41, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right back detection region RB determined to be a non-contact region in S43 as the setting reference value 41 of the left
back detection region LB. Thereby, the determination reference value setting process for the left back detection region LB
is completed.
[0088] In S43, when the difference from the setting reference value 41 corresponding to the right back detection region
RB exceeds the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is not a non-contact region (S43: N). That is, the
determination reference value setting unit 32 determines the right back detection region RB as a contact region where a
conductor is in contact.
[0089] Next, the determination reference value setting unit 32 determines whether the right front detection region RF,
which is the second in the setting source priority order 44, is a non-contact region (S45). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right front detection region RF and
the setting reference value 41 corresponding to the right front detection region RF. When this difference is equal to or less
than the threshold value 43 corresponding to the right front detection region RF, the determination reference value setting
unit 32 determines that the right front detection region RF is a non-contact region where no conductor is in contact (S45: Y).
[0090] As the determination reference value 42 of the left back detection region LB determined to be a contact region in
S41, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right front detection region RF determined to be a non-contact region in S45 as the setting reference value 41 of the left
back detection region LB. Thereby, the determination reference value setting process for the left back detection region LB
is completed.
[0091] In S45, when the difference from the setting reference value 41 corresponding to the right front detection region
RF exceeds the threshold value 43 corresponding to the right front detection region RF, the determination reference value
setting unit 32 determines that the right front detection region RF is not a non-contact region (S45: N). That is, the
determination reference value setting unit 32 determines the right front detection region RF as a contact region where a
conductor is in contact.
[0092] Next, the determination reference value setting unit 32 determines whether the left front detection region LF,
which is the third in the setting source priority order 44, is a non-contact region (S47). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the left front detection region LF and
the setting reference value 41 corresponding to the left front detection region LF. When this difference is equal to or less
than the threshold value 43 corresponding to the left front detection region LF, the determination reference value setting
unit 32 determines that the left front detection region LF is a non-contact region where no conductor is in contact (S47: Y).
[0093] As the determination reference value 42 of the left back detection region LB determined to be a contact region in
S41, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left front detection region LF determined to be a non-contact region in S47 as the setting reference value 41 of the left back
detection region LB. Thereby, the determination reference value setting process for the left back detection region LB is
completed.
[0094] In S47, when the difference from the setting reference value 41 corresponding to the left front detection region LF
exceeds the threshold value 43 corresponding to the right front detection region RF, the determination reference value
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setting unit 32 determines that the left front detection region LF is not a non-contact region (S47: N). That is, the
determination reference value setting unit 32 determines the left front detection region LF as a contact region where a
conductor is in contact. The determination reference value setting unit 32 determines that all of the detection regions are
contact regions.
[0095] Next, the determination reference value setting unit 32 adopts and sets the setting reference value 41
corresponding to the left back detection region LB as the determination reference value 42 of the left back detection
region LB determined to be a contact region in S41 (S49). Thereby, the determination reference value setting process for
the left back detection region LB is completed.

(C) Determination reference value setting process for RF

[0096] Next, FIG. 14 shows a flowchart of the determination reference value setting process for the right front detection
region RF. When the determination reference value setting process for the right front detection region RF is performed
(S50), the determination reference value setting unit 32 sets the right front detection region RF as the target detection
region 51, and sets the left front detection region LF, the left back detection region LB, and the right back detection region
RB as the setting source detection regions 52.
[0097] The determination reference value setting unit 32 determines whether the right front detection region RF, which is
the target detection region 51, is a non-contact region (S51). The determination reference value setting unit 32 calculates
the difference between the capacitance equivalent value of the right front detection region RF and the setting reference
value 41 corresponding to the right front detection region RF. When this difference is equal to or less than the threshold
value 43 corresponding to the right front detection region RF, the determination reference value setting unit 32 determines
that the right front detection region RF is a non-contact region where no conductor is in contact (S51: Y).
[0098] For the right front detection region RF determined to be a non-contact region, the determination reference value
setting unit 32 adopts and sets the capacitance equivalent value of the right front detection region RF as the setting
reference value 41 of the right front detection region RF. Thereby, the determination reference value setting process for the
right front detection region RF is completed.
[0099] In S51, when the difference from the setting reference value 41 corresponding to the right front detection region
RF exceeds the threshold value 43 corresponding to the right front detection region RF, the determination reference value
setting unit 32 determines that the right front detection region RF is not a non-contact region (S51: N). That is, the
determination reference value setting unit 32 determines the right front detection region RF as a contact region where a
conductor is in contact.
[0100] Next, the determination reference value setting unit 32 determines whether the setting source detection region52
is a non-contact region in the order defined in the setting source priority order 44.
[0101] FIG. 8 shows the setting source priority order 44 when the right front detection region RF is set as the target
detection region 51. The setting source priority order 44 of this embodiment is set so that the position adjacent to the left of
the right front detection region RF is given the first priority. Thereby, in this embodiment, the left front detection region LF is
set as the first priority (see the third column of Table 1).
[0102] The setting source priority order 44 of this embodiment is set so that the diagonal position of the right front
detection region RF is given the second priority. Thereby, in this embodiment, the left back detection region LB is set as the
second priority (see the third column of Table 1).
[0103] In this embodiment, the right back detection region RB located on the back surface side of the right front detection
region RF is set as the third priority (see the third column of Table 1). In this embodiment, the detection source priority order
is set so that the priority lowers along the direction indicated by arrow C in FIG. 8.
[0104] Returning to FIG. 14, the determination reference value setting unit 32 determines whether the left front detection
region LF is non-contact based on the setting source priority order 44 (S53). The determination reference value setting unit
32 calculates the difference between the capacitance equivalent value of the left front detection region LF and the setting
reference value 41 corresponding to the left front detection region LF. When this difference is equal to or less than the
threshold value 43 corresponding to the left front detection region LF, the determination reference value setting unit 32
determines that the left front detection region LF is a non-contact region where no conductor is in contact (S53: Y).
[0105] As the determination reference value 42 of the right front detection region RF determined to be a contact region in
S51, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left front detection region LF determined to be a non-contact region in S53 as the setting reference value 41 of the right front
detection region RF. Thereby, the determination reference value setting process for the right front detection region RF is
completed.
[0106] In S53, when the difference from the setting reference value 41 corresponding to the left front detection region LF
exceeds the threshold value 43 corresponding to the left front detection region LF, the determination reference value
setting unit 32 determines that the left front detection region LF is not a non-contact region (S53: N). That is, the
determination reference value setting unit 32 determines the left front detection region LF as a contact region where a
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conductor is in contact.
[0107] Next, the determination reference value setting unit 32 determines whether the left back detection region LB,
which is the second in the setting source priority order 44, is a non-contact region (S55). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the left back detection region LB and
the setting reference value 41 corresponding to the left back detection region LB. When this difference is equal to or less
than the threshold value 43 corresponding to the left back detection region LB, the determination reference value setting
unit 32 determines that the left back detection region LB is a non-contact region where no conductor is in contact (S55: Y).
[0108] As the determination reference value 42 of the right front detection region RF determined to be a contact region in
S51, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left back detection regionLB determined to be a non-contact region in S55 as the setting reference value41 of the right front
detection region RF. Thereby, the determination reference value setting process for the right front detection region RF is
completed.
[0109] In S55, when the difference from the setting reference value 41 corresponding to the left back detection region LB
exceeds the threshold value 43 corresponding to the left back detection region LB, the determination reference value
setting unit 32 determines that the left back detection region LB is not a non-contact region (S55: N). That is, the
determination reference value setting unit 32 determines the left back detection region LB as a contact region where a
conductor is in contact.
[0110] Next, the determination reference value setting unit 32 determines whether the right back detection region RB,
which is the third in the setting source priority order 44, is a non-contact region (S57). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right back detection region RB
and the setting reference value 41 corresponding to the right back detection region RB. When this difference is equal to or
less than the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is a non-contact region where no conductor is in contact
(S57: Y).
[0111] As the determination reference value 42 of the right front detection region RF determined to be a contact region in
S51, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right back detection region RB determined to be a non-contact region in S57 as the setting reference value 41 of the right
front detection region RF. Thereby, the determination reference value setting process for the right front detection region RF
is completed.
[0112] In S57, when the difference from the setting reference value 41 corresponding to the right back detection region
RB exceeds the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is not a non-contact region (S57: N). That is, the
determination reference value setting unit 32 determines the right back detection region RB as a contact region where a
conductor is in contact. The determination reference value setting unit 32 determines that all of the detection regions LF,
RF, LB, and RB are contact regions.
[0113] Next, the determination reference value setting unit 32 adopts and sets the setting reference value 41
corresponding to the right front detection region RF as the determination reference value 42 of the right front detection
region RF determined to be a contact region in S51 (S59). Thereby, the determination reference value setting process for
the right front detection region RF is completed.

(D) Determination reference value setting process for RB

[0114] Next, FIG. 15 shows a flowchart of the determination reference value setting process for the right back detection
region RB. When the determination reference value setting process for the right back detection region RB is performed
(S60), the determination reference value setting unit 32 sets the right back detection region RB as the target detection
region 51, and sets the left back detection region LB, the left front detection region LF, and the right front detection region
RF as the setting source detection regions 52.
[0115] The determination reference value setting unit 32 determines whether the right back detection region RB, which
is the target detection region 51, is anon-contact region (S61). The determination reference value setting unit 32 calculates
the difference between the capacitance equivalent value of the right back detection region RB and the setting reference
value 41 corresponding to the right back detection region RB. When this difference is equal to or less than the threshold
value 43 corresponding to the right back detection region RB, the determination reference value setting unit 32 determines
that the right back detection region RB is a non-contact region where no conductor is in contact (S61: Y).
[0116] For the right back detection region RB determined to be a non-contact region, the determination reference value
setting unit 32 adopts and sets the capacitance equivalent value of the right back detection region RB as the setting
reference value 41 of the right back detection region RB. Thereby, the determination reference value setting process for
the right back detection region RB is completed.
[0117] In S61, when the difference from the setting reference value 41 corresponding to the right back detection region
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RB exceeds the threshold value 43 corresponding to the right back detection region RB, the determination reference value
setting unit 32 determines that the right back detection region RB is not a non-contact region (S61: N). That is, the
determination reference value setting unit 32 determines the right back detection region RB as a contact region where a
conductor is in contact.
[0118] Next, the determination reference value setting unit 32 determines whether the setting source detection region 52
is a non-contact region in the order defined in the setting source priority order 44.
[0119] FIG. 9 shows the setting source priority order 44 when the right back detection region RB is set as the target
detection region 51. The setting source priority order 44 of this embodiment is set so that the position adjacent to the left of
the right back detection region RB is given the first priority. Thereby, in this embodiment, the left back detection region LB is
set as the first priority (see the fourth column of Table 1).
[0120] The setting source priority order 44 of this embodiment is set so that the diagonal position of the right back
detection region RB is given the second priority (see the fourth column of Table 1). Thereby, in this embodiment, the left
front detection region LF is set as the second priority.
[0121] In this embodiment, the right front detection region RF located on the back surface side of the right back detection
region RB is set as the third priority (see the fourth column of Table 1). In this embodiment, the detection source priority
order is set so that the priority lowers along the direction indicated by arrow D in FIG. 9.
[0122] Returning to FIG. 15, the determination reference value setting unit 32 determines whether the left back detection
region LB is non-contact based on the setting source priority order 44 (S63). The determination reference value setting unit
32 calculates the difference between the capacitance equivalent value of the left back detection region LB and the setting
reference value 41 corresponding to the left back detection region LB. When this difference is equal to or less than the
threshold value 43 corresponding to the left back detection region LB, the determination reference value setting unit 32
determines that the left back detection region LB is a non-contact region where no conductor is in contact (S63: Y).
[0123] As the determination reference value 42 of the right back detection region RB determined to be a contact region in
S61, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left back detection region LB determined to be a non-contact region in S63 as the setting reference value 41 of the right
back detection region RB. Thereby, the determination reference value setting process for the right back detection region
RB is completed.
[0124] In S63, when the difference from the setting reference value 41 corresponding to the left back detection region LB
exceeds the threshold value 43 corresponding to the left back detection region LB, the determination reference value
setting unit 32 determines that the left back detection region LB is not a non-contact region (S63: N). That is, the
determination reference value setting unit 32 determines the left back detection region LB as a contact region where a
conductor is in contact.
[0125] Next, the determination reference value setting unit 32 determines whether the left front detection region LF,
which is the second in the setting source priority order 44, is a non-contact region (S65). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the left front detection region LF and
the setting reference value 41 corresponding to the left front detection region LF. When this difference is equal to or less
than the threshold value 43 corresponding to the left front detection region LF, the determination reference value setting
unit 32 determines that the left front detection region LF is a non-contact region where no conductor is in contact (S65: Y).
[0126] As the determination reference value 42 of the right back detection region RB determined to be a contact region in
S61, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
left front detection region LF determined to be a non-contact region in S65 as the setting reference value 41 of the right back
detection region RB. Thereby, the determination reference value setting process for the right back detection region RB is
completed.
[0127] In S65, when the difference from the setting reference value 41 corresponding to the left front detection region LF
exceeds the threshold value 43 corresponding to the left front detection region LF, the determination reference value
setting unit 32 determines that the left front detection region LF is not a non-contact region (S65: N). That is, the
determination reference value setting unit 32 determines the left front detection region LF as a contact region where a
conductor is in contact.
[0128] Next, the determination reference value setting unit 32 determines whether the right front detection region RF,
which is the third in the setting source priority order 44, is a non-contact region (S67). The determination reference value
setting unit 32 calculates the difference between the capacitance equivalent value of the right front detection region RF and
the setting reference value 41 corresponding to the right front detection region RF. When this difference is equal to or less
than the threshold value 43 corresponding to the right front detection region RF, the determination reference value setting
unit 32 determines that the right front detection region RF is a non-contact region where no conductor is in contact (S67: Y).
[0129] As the determination reference value 42 of the right back detection region RB determined to be a contact region in
S61, the determination reference value setting unit 32 adopts and sets the setting reference value 41 corresponding to the
right front detection region RF determined to be a non-contact region in S67 as the setting reference value 41 of the right
back detection region RB. Thereby, the determination reference value setting process for the right back detection region
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RB is completed.
[0130] In S67, when the difference from the setting reference value 41 corresponding to the right front detection region
RF exceeds the threshold value 43 corresponding to the right front detection region RF, the determination reference value
setting unit 32 determines that the right front detection region RF is not a non-contact region (S67: N). That is, the
determination reference value setting unit 32 determines the right front detection region RF as a contact region where a
conductor is in contact. The determination reference value setting unit 32 determines that all of the detection regions LF,
RF, LB, and RB are contact regions.
[0131] Next, the determination reference value setting unit 32 adopts and sets the setting reference value 41
corresponding to the right back detection region RB as the determination reference value 42 of the right back detection
region RB determined to be a contact region in S61 (S69). Thereby, the determination reference value setting process for
the right back detection region RB is completed.

(3) Determination process

[0132] Next, the determination process will be described with reference to FIG. 16. FIG. 16 shows a flowchart of the
determination process. When the determination process is performed (S2), the determination processing unit 33 acquires
the determination reference value 42 and the threshold value 43 corresponding to each of the detection regions LF, RF, LB,
and RB from the storage unit 31 (S70). Next, the determination reference value setting unit 32 acquires the capacitance
equivalent values of the left front detection region LF, the left back detection region LB, the right front detection region RF,
and the right back detection region RB (S80).
[0133] Next, the determination processing unit 33 performs the determination process for the left front detection region
LF (S90). The determination processing unit 33 calculates the difference between the capacitance equivalent value of the
left front detection region LF and the determination reference value 42 corresponding to the left front detection region LF.
When this difference exceeds the threshold value 43 corresponding to the left front detection region LF, the determination
processing unit 33 determines that a conductor is in contact with the left front detection region LF. On the other hand, when
the difference from the determination reference value 42 corresponding to the left front detection region LF is equal to or
less than the threshold value 43 corresponding to the left front detection region LF, the determination processing unit 33
determines that no conductor is in contact with the left front detection region LF. The determination processing unit 33
transmits information regarding whether a conductor has come into contact with the left front detection region LF to a
predetermined transmission destination.
[0134] Next, the determination processing unit 33 performs the determination process for the left back detection region
LB (S100). The determination processing unit 33 calculates the difference between the capacitance equivalent value of
the left back detection region LB and the determination reference value 42 corresponding to the left back detection region
LB. When this difference exceeds the threshold value 43 corresponding to the left back detection region LB, the
determination processing unit 33 determines that a conductor is in contact with the left back detection region LB. On
the other hand, when the difference from the determination reference value 42 corresponding to the left back detection
region LB is equal to or less than the threshold value 43 corresponding to the left back detection region LB, the
determination processing unit 33 determines that no conductor is in contact with the left back detection region LB.
The determination processing unit 33 transmits information regarding whether a conductor has come into contact with the
left back detection region LB to a predetermined transmission destination.
[0135] Next, the determination processing unit 33 performs the determination process for the right front detection region
RF (S110). The determination processing unit 33 calculates the difference between the capacitance equivalent value of
the right front detection region RF and the determination reference value 42 corresponding to the right front detection
region RF. When this difference exceeds the threshold value 43 corresponding to the right front detection region RF, the
determination processing unit 33 determines that a conductor is in contact with the right front detection region RF. On the
other hand, when the difference from the determination reference value 42 corresponding to the right front detection region
RF is equal to or less than the threshold value 43 corresponding to the right front detection region RF, the determination
processing unit 33 determines that no conductor is in contact with the right front detection region RF. The determination
processing unit 33 transmits information regarding whether a conductor has come into contact with the right front detection
region RF to a predetermined transmission destination.
[0136] Next, the determination processing unit 33 performs the determination process for the right back detection region
RB (S120). The determination processing unit 33 calculates the difference between the capacitance equivalent value of
the right back detection region RB and the determination reference value 42 corresponding to the right back detection
region RB. When this difference is equal to or less than the threshold value 43 corresponding to the right back detection
region RB, the determination processing unit 33 determines that a conductor is in contact with the right back detection
region RB. On the other hand, when the difference from the determination reference value 42 corresponding to the right
back detection region RB exceeds the threshold value 43 corresponding to the right back detection region RB, the
determination processing unit 33 determines that no conductor is in contact with the right back detection region RB. The
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determination processing unit 33 transmits information regarding whether a conductor has come into contact with the right
back detection region RB to a predetermined transmission destination.
[0137] Thereby, the determination process is completed. However, there is no particular limitation on the order in which
the determination process is performed on the detection regions LF, RF, LB, and RB, and the determination process may
be performed in any order.

(4) Update process

[0138] Next, the update process will be described with reference to FIG. 17. FIG. 17 shows a flowchart of the update
process. When the update process is performed (S4), the update unit 34 acquires the setting reference value 41 and the
threshold value 43 corresponding to each of the detection regions LF, RF,LB, and RB from the storage unit 31 (S130). Next,
the update unit 34 acquires the capacitance equivalent values of the left front detection region LF, the left back detection
region LB, the right front detection region RF, and the right back detection region RB (S140).
[0139] Next, the update unit 34 performs the update process for the left front detection region LF (S150). Thereby, when
determining that the left front detection region LF is a non-contact region, the update unit 34 updates the capacitance
equivalent value of the left front detection region LF to the setting reference value 41 of the left front detection region LF, and
stores the updated determination reference value 42 of the left front detection region LF in the storage unit 31. However,
instead of the capacitance equivalent value of the left front detection region LF, a value obtained by performing a
predetermined process (for example, filter process) on the capacitance equivalent value (an example of the value based
on the capacitance equivalent value) may be updated to the setting reference value 41 of the left front detection region LF.
The same applies below.
[0140] Next, the update unit 34 performs the update process for the left back detection region LB (S160). Thereby, when
determining that the left back detection region LB is a non-contact region, the update unit 34 updates the capacitance
equivalent value of the left back detection region LB to the setting reference value 41 of the left back detection region LB,
and stores the updated determination reference value 42 of the left back detection region LB in the storage unit 31.
[0141] Next, the update unit 34 performs the update process for the right front detection region RF (S170). Thereby,
when determining that the right front detection region RF is a non-contact region, the update unit 34 updates the
capacitance equivalent value of the right front detection region RF to the setting reference value 41 of the right front
detection region RF, and stores the updated determination reference value 42 of the right front detection region RF in the
storage unit 31.
[0142] Next, the update unit 34 performs the update process for the right back detection region RB (S180). Thereby,
when determining that the right back detection region RB is a non-contact region, the update unit 34 updates the
capacitance equivalent value of the right back detection region RB to the setting reference value 41 of the right back
detection region RB, and stores the updated determination reference value 42 of the right back detection region RB in the
storage unit 31.
[0143] Thereby, the update process is completed. However, there is no particular limitation on the order in which the
update process is performed on the detection regions LF, RF, LB, and RB, and the update process may be performed in any
order.

(A) Update process for LF

[0144] Next, FIG. 18 shows a flowchart of the update process for the left front detection region LF. When the update
process for the left front detection region LF is performed (S150), the update unit 34 determines whether the left front
detection region LF is a non-contact region (S151). The update unit 34 calculates the difference between the capacitance
equivalent value of the left front detection region LF and the setting reference value 41 corresponding to the left front
detection region LF. When this difference is equal to or less than the threshold value 43 corresponding to the left front
detection region LF, the update unit 34 determines that the left front detection region LF is a non-contact region where no
conductor is in contact (S151: Y).
[0145] The update adopts and updates the capacitance equivalent value of the left front detection region LF as the
setting reference value 41 of the left front detection region LF for the left front detection region LF determined to be a non-
contact region (S152). Thereby, the update process for the left front detection region LF is completed.
[0146] In S151, when the difference from the setting reference value 41 corresponding to the left front detection region
LF exceeds the threshold value 43 corresponding to the left front detection regionLF, the update unit 34 determines that the
left back detection region LB is not a non-contact region (S151: N). That is, the update unit 34 determines the left back
detection region LB as a contact region where a conductor is in contact. The update unit 34 does not update the setting
reference value 41 corresponding to the left back detection region LB (S153). Thereby, the update process for the left back
detection region LB is completed.
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(B) Update process for LB

[0147] Next, FIG. 19 shows a flowchart of the update process for the left back detection region LB. When the update
process for the left back detection region LB is performed (S160), the update unit 34 determines whether the left back
detection region LB is a non-contact region (S161). The update unit 34 calculates the difference between the capacitance
equivalent value of the left back detection region LB and the setting reference value 41 corresponding to the left back
detection region LB. When this difference is equal to or less than the threshold value 43 corresponding to the left back
detection region LB, the update unit 34 determines that the left back detection region LB is a non-contact region where no
conductor is in contact (S161: Y).
[0148] The update unit 34 adopts and updates the capacitance equivalent value of the left back detection region LB as
the setting reference value 41 of the left back detection region LB for the left back detection region LB determined to be a
non-contact region (S162). Thereby, the update process for the left back detection region LB is completed.
[0149] In S161, when the difference from the setting reference value 41 corresponding to the left back detection region
LB exceeds the threshold value 43 corresponding to the left back detection region LB, the update unit 34 determines that
the left back detection region LB is not a non-contact region (S161: N). That is, the update unit 34 determines the left back
detection region LB as a contact region where a conductor is in contact. The update unit 34 does not update the setting
reference value 41 corresponding to the left back detection region LB (S163). Thereby, the update process for the left back
detection region LB is completed.

(C) Update process for RF

[0150] Next, FIG. 20 shows a flowchart of the update process for the right front detection region RF. When the update
process for the right front detection region RF is performed (S170), the update unit 34 determines whether the right front
detection region RF is a non-contact region (S171). The update unit 34 calculates the difference between the capacitance
equivalent value of the right front detection region RF and the setting reference value 41 corresponding to the right front
detection region RF. When this difference is equal to or less than the threshold value 43 corresponding to the right front
detection region RF, the update unit 34 determines that the right front detection region RF is a non-contact region where no
conductor is in contact (S171: Y).
[0151] The update unit 34 adopts and updates the capacitance equivalent value of the right front detection region RF as
the setting reference value 41 of the right front detection region RF for the right front detection region RF determined to be a
non-contact region (S172). Thereby, the update process for the right front detection region RF is completed.
[0152] In S171, when the difference from the setting reference value 41 corresponding to the right front detection region
RF exceeds the threshold value 43 corresponding to the right front detection region RF, the update unit 34 determines that
the right front detection region RF is not a non-contact region (S171: N). That is, the update unit 34 determines the right
front detection region RF as a contact region where a conductor is in contact. The update unit 34 does not update the
setting reference value 41 corresponding to the right front detection region RF (S173). Thereby, the update process for the
right front detection region RF is completed.

(D) Update process for RB

[0153] Next, FIG. 21 shows a flowchart of the update process for the right back detection region RB. When the update
process for the right back detection region RB is performed (S180), the update unit 34 determines whether the right back
detection region RB is a non-contact region (S181). The update unit 34 calculates the difference between the capacitance
equivalent value of the right back detection region RB and the setting reference value 41 corresponding to the right back
detection region RB. When this difference is equal to or less than the threshold value 43 corresponding to the right back
detection region RB, the update unit 34 determines that the right back detection region RB is a non-contact region where no
conductor is in contact (S181: Y).
[0154] The update unit 34 adopts and updates the capacitance equivalent value of the right back detection region RB as
the setting reference value 41 of the right back detection region RB for the right back detection region RB determined to be
a non-contact region (S182). Thereby, the update process for the right back detection region RB is completed.
[0155] In S181, when the difference from the setting reference value 41 corresponding to the right back detection region
RB exceeds the threshold value 43 corresponding to the right back detection region RB, the update unit 34 determines that
the right back detection region RB is not a non-contact region (S181: N). That is, the update unit 34 determines the right
back detection region RB as a contact region where a conductor is in contact. The update unit 34 does not update the
setting reference value 41 corresponding to the right back detection region RB (S183). Thereby, the update process for the
right back detection region RB is completed.
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5. Effects of the embodiment

[0156] Next, the effects of this embodiment will be described. According to this embodiment, when the initial process S1
is performed, the setting reference value 41 corresponding to a non-contact region is set as the determination reference
value 42 of a contact region even if there is a conductor in contact with the detection regions LF, RF, LB, and RB. Thus, even
if a conductor is in contact with the detection regions LF, RF, LB, and RB, the contact of the conductor can be accurately
detected.
[0157] Further, according to this embodiment, in the case where all of the plurality of detection regions LF, RF, LB, and
RB are contact regions, the setting reference value 41 corresponding to the contact region is set as the determination
reference value 42 for the contact region. Thus, even if a conductor is in contact with all of the detection regions LF, RF, LB,
and RB, the contact of the conductor can be accurately detected.
[0158] Further, according to this embodiment, when determining that a non-contact region exists, the determination
reference value setting unit 32 sets the capacitance equivalent value corresponding to the non-contact region detected in
the initial process S1 or a value based on the capacitance equivalent value as the setting reference value 41 for the non-
contact region. Thus, even if the capacitance equivalent values of the detection regions LF, RF, LB, and RB in a state where
no conductor is in contact change due to environmental changes or deterioration over time, the contact of a conductor can
be detected accurately.
[0159] According to thisembodiment, in the case where aplurality of non-contact regions exist, the initial reference value
of the non-contact region is set according to the setting source priority order 44, so an appropriate initial reference value
can be set depending on the individual condition of the non-contact region.
[0160] In addition, when one target detection region 51 is selected from the plurality of detection regions LF, RF, LB, and
RB and the target detection region 51 is determined to be a contact region, the possibility that a conductive hand or finger is
in contact with the detection regions LF, RF, LB, and RB adjacent to the target detection region 51 in the first direction is
considered to be lower than the possibility for the detection regions LF, RF, LB, and RB adjacent to the detection region in
the second direction. According to this embodiment, since the setting source detection region 52 adjacent to the target
detection region 51 in the first direction is set as the first priority, the time for selecting one of the plurality of setting source
detection regions 52 can be shortened.
[0161] In addition, when one target detection region 51 is selected from the plurality of detection regions LF, RF, LB, and
RB and the target detection region 51 is determined to be a contact region, the possibility that a conductive hand or finger is
in contact with the detection regions LF, RF, LB, and RB diagonally positioned with respect to the target detection region 51
is considered to be lower than the possibility for the detection regions LF, RF, LB, and RB adjacent to the detection regions
LF, RF, LB, and RB in the second direction. According to this embodiment, since the setting source detection region 52
diagonally positioned with respect to the target detection region 51 is set as the second priority, the time for selecting one of
the plurality of setting source detection regions 52 can be shortened.
[0162] Further, according to this embodiment, for the four detection regions LF, RF, LB, and RB, the interval between
adjacent detection regions LF, RF, LB, and RB in the first direction is larger than the interval between adjacent detection
regions LF, RF, LB, and RB in the second direction. Therefore, according to this embodiment, the time for selecting one of
the plurality of setting source detection regions 52 can be shortened.
[0163] Further, according to this embodiment, the determination processor 30 further includes the update unit 34 that
updates the setting reference value 41 to the capacitance equivalent value or a value based on the capacitance equivalent
value when determining a non-contact region where no conductor is in contact by comparing the capacitance equivalent
value and the setting reference value 41 in each of the plurality of detection regions LF, RF, LB, and RB.
[0164] According to this embodiment, the setting reference value 41 is updated to the capacitance equivalent value or a
value based on the capacitance equivalent value at a predetermined period. Therefore, for each of the plurality of detection
regions LF, RF, LB, and RB, it is possible to deal with deterioration due to changes over time that are specific to the
detection regions LF, RF, LB, and RB. As a result, the accuracy of detecting contact with a conductor can be improved.

(Second embodiment)

[0165] Next, the second embodiment will be described with reference to FIG. 22. FIG. 22 shows the setting source
priority order 44 of the setting source detection region 52 when the left front detection region LF is set as the target detection
region 51. In this embodiment, the right back detection region RB diagonally positioned with respect to the left front
detection region LF is set as the first priority. In other words, the right back detection region RB, which is located on the
opposite side to the left front detection region LF in the left-right direction and the front-back direction, is set as the first
priority.
[0166] In addition, the second priority is set to the right front detection region RF located on the opposite side to the left
front detection region LF in the left-right direction. The third priority is set to the left back detection region LB located on the
opposite side to the left front detection region LF in the front-back direction.
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[0167] In addition, among the reference numerals used in the second and subsequent embodiments, the same
reference numerals as those used in the previous embodiment represent the same components as those in the previous
embodiment, unless otherwise specified.
[0168] According to this embodiment, when one target detection region 51 is selected from the plurality of detection
regions LF, RF, LB, and RB and the target detection region 51 is determined to be a contact region (in this embodiment, the
left front detection region LF), the possibility that a conductive hand or finger is in contact with the detection region (in this
embodiment, the right back detection region RB) located on the opposite side to the target detection region 51 in the left-
right direction and the front-back direction is considered to be lower than the possibility for the detection region (the right
back detection region RB) located on the opposite side to the detection region (the left front detection region LF) in the front-
back direction. According to this embodiment, the time for selecting one of the plurality of setting source detection regions
52 in accordance with the setting source priority order 44 can be shortened.

(Third embodiment)

[0169] Next, the third embodiment will be described with reference to FIG. 23. In thisembodiment, the direction indicated
by arrow Y is the front. The electrostatic sensor 60 according to this embodiment is formed in a sheet shape that is
rectangular when viewed from above. A plurality of (six in this embodiment) rectangular detection regions 61 to 66 are
disposed on the upper or lower surface of the electrostatic sensor 60. However, the number of detection regions 61 to 66
disposed in one electrostatic sensor 60 is not particularly limited, and may be two to five, or seven or more. Furthermore,
the shapes of the electrostatic sensor 60 and the detection regions 61 to 66 are not limited to a rectangular shape, but may
be any shape.
[0170] The detection regions 61 to 66 include a left front detection region 61 located on the left front side of the
electrostatic sensor 7, a central front detection region 62 located on the central front side, a right front detection region 63
located on the right front side, a left back detection region 64 located on the left back side, a central back detection region 65
located on the central back side, and a right back detection region 66 located on the right back side.
[0171] FIG. 23 shows the position of the first priority in the setting source priority order 44 of the setting source detection
regions 52 when the left front detection region 61 is set as the target detection region 51. In this embodiment, the right back
detection region 66 is set as the first priority. The left front detection region 61, which is the target detection region 51, and
the right back detection region 66 are not adjacent to each other in the left-right direction or the front-back direction. In
addition, the right back detection region 66 is disposed at a position farthest from the left front detection region 61.
[0172] In this embodiment, the setting source priority order 44 is set so that the setting source detection region 52 that is
not adjacent to the target detection region 51 is given a higher priority than the setting source detection region 52 that is
adjacent to the target detection region 51.
[0173] When the target detection region 51 at a position is selected from the plurality of detection regions 61 to 66 and the
target detection region 51 is determined to be a contact region, the possibility that a conductive hand or finger is in contact
with the detection regions 61 to 66 that are not adjacent to the target detection region 51 is considered to be lower than the
possibility for the detection regions 61 to 66 that are adjacent to the detection regions 61 to 66. According to this
embodiment, since the setting source detection region 52 that is not adjacent to the target detection region 51 is set to a
higher priority than the setting source detection region 52 that is adjacent to the target detection region 51, the time for
selecting one of the plurality of setting source detection regions 52 can be shortened.
[0174] Furthermore, in this embodiment, the electrostatic sensor 60 has three or more detection regions 61 to 66, and
the setting source priority order 44 is set so that the setting source detection region 52 farthest from the target detection
region 51, among two or more other setting source detection regions 52 different from the target detection region 51, is set
as the first priority.
[0175] According to this embodiment, the setting source detection region 52 that is farthest from the target detection
region 51 is selected as the setting source for the initial reference value of the contact region. Thereby, the time for selecting
one of the plurality of setting source detection regions 52 can be shortened.
[0176] The present invention is not limited to the above-described embodiments, and can be applied to various
embodiments without departing from the gist of the present invention.

Claims

1. A contact detection apparatus (10), comprising:

an electrostatic sensor (7, 60) having a plurality of detection regions (LB, LF, RB, RF, 61, 62, 63, 64, 65, 66) with
which a conductor comes into contact; and
a determination processor (30) detecting whether the conductor is in contact with the plurality of detection regions

19

EP 4 549 899 A1

5

10

15

20

25

30

35

40

45

50

55



based on a capacitance equivalent value of each of the plurality of detection regions detected by the electrostatic
sensor,
wherein the determination processor comprises:

a storage unit (31) storing a setting reference value (41) which is a capacitance equivalent value corre-
sponding to a state where the conductor is not in contact with each of the plurality of detection regions, a
determination reference value (42) of each of the plurality of detection regions, and a threshold value (43)
commonly or individually associated with each of the plurality of detection regions;
a determination reference value setting unit (32) setting the determination reference value of each of the
plurality of detection regions by an initial process that is performed after the contact detection apparatus is
started; and
a determination processing unit (33) detecting whether the conductor is in contact by comparing the
capacitance equivalent value with the determination reference value in each of the plurality of detection
regions after the initial process,

wherein the determination reference value setting unit

determines a detection region in which a difference between the capacitance equivalent value and the setting
reference value exceeds the threshold value among the plurality of detection regions as a contact region with
which the conductor is in contact,
determines a detection region in which the difference between the capacitance equivalent value and the
setting reference value is equal to or less than the threshold value among the plurality of detection regions as
a non-contact region with which the conductor is not in contact, and
sets the setting reference value corresponding to the non-contact region as the determination reference
value of the contact region for the contact region in response to determining that the contact region exists and
determining that the non-contact region exists.

2. The contact detection apparatus according to claim 1, wherein the determination reference value setting unit sets the
setting reference value corresponding to the contact regionas the determination reference value for the contact region
in response to determining that all of the plurality of detection regions are the contact regions.

3. The contact detection apparatus according to claim 1, wherein the determination reference value setting unit sets the
capacitance equivalent value corresponding to the non-contact region detected by the initial process or a value based
on the capacitance equivalent value as the setting reference value for the non-contact region in response to
determining that the non-contact region exists.

4. The contact detection apparatus according to claim 1, wherein a setting target of the determination reference value
among the plurality of detection regions is set as a target detection region, and detection regions different from the
target detection region among the plurality of detection regions are set as a plurality of setting source detection regions
that are setting sources of the determination reference value for the target detection region,

the storage unit further stores a setting source priority order of the plurality of setting source detection regions, and
in response to determining that a plurality of the non-contact regions exist and determining that the contact region
exists, the determination reference value setting unit selects the non-contact region that is the setting source of
the determination reference value for the contact region from the plurality of non-contact regions based on the
setting source priority order.

5. The contact detection apparatus according to claim 4, wherein the determination reference value setting unit
determines whether the plurality of setting source detection regions are the contact region or the non-contact region
according to the setting source priority order, and
selects the non-contact region that is the setting source of the determination reference value for the contact region
from the plurality of setting source detection regions.

6. The contact detection apparatus according to claim 4 or 5, wherein the setting source priority order is set to a different
order in each of the plurality of detection regions.

7. The contact detection apparatus according to claim 5, wherein the electrostatic sensor has four detection regions
arranged to be spaced apart in a first direction of a long side and arranged to be spaced apart in a second direction of a
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short side perpendicular to the first direction, and
the setting source priority order is set so that a position adjacent in the first direction is given a first priority.

8. The contact detection apparatus according to claim 7, wherein the electrostatic sensor has four detection regions
arranged to be spaced apart in a first direction of a long side and arranged to be spaced apart in a second direction of a
short side perpendicular to the first direction, and
the setting source priority order is set so that a diagonal position is given a second priority.

9. The contact detection apparatus according to claim 7 or 8, wherein for the four detection regions, an interval between
the detection regions adjacent in the first direction is larger than an interval between the detection regions adjacent in
the second direction.

10. The contact detection apparatus according to claim 5, wherein the electrostatic sensor has four detection regions
arranged to be spaced apart in a first direction and arranged to be spaced apart in a second direction perpendicular to
the first direction, and
the setting source priority order is set so that a diagonal position is given a first priority.

11. The contact detection apparatus according to claim 5, wherein the electrostatic sensor is a sensor for a steering wheel
(1) of a vehicle,

the electrostatic sensor has four detection regions located on a left front surface, a right front surface, a left back
surface, and a right back surface as viewed from a driver of the vehicle, and
the setting source priority order is set so that a position on an opposite side in a left-right direction is given a first
priority.

12. The contact detection apparatus according to claim 11, wherein the setting source priority order is set so that a position
on an opposite side in a left-right direction and on the same side in a front-back direction is given a first priority.

13. The contact detection apparatus according to claim 11, wherein the setting source priority order is set so that a position
on an opposite side in a left-right direction and on an opposite side in a front-back direction is given a first priority.

14. The contact detection apparatus according to claim 4, wherein the setting source priority order is set so that the setting
source detection region that is not adjacent to the target detection region is set to a higher priority than the setting
source detection region that is adjacent to the target detection region.

15. The contact detection apparatus according to claim 14, wherein the electrostatic sensor has three or more detection
regions, and
the setting source priority order is set so that the setting source detection region farthest from the target detection
region, among two or more other setting source detection regions different from the target detection region, is set as a
first priority.

16. The contact detection apparatus according to claim 1, wherein the determination processor further comprises an
update unit (34) updating the setting reference value to the capacitance equivalent value or a value based on the
capacitance equivalent value in response to determining a non-contact region with which the conductor is not in
contact by comparing the capacitance equivalent value with the setting reference value in each of the plurality of
detection regions.
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